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Executive Summary
The U.S. Geological Survey assessed the effective solubilities of organic analytes at the BKK Class I Landfill site, West Covina, California, in cooperation with the California Department of Toxic Substances Control, using available data for liquid samples collected within (in-waste) and below (sub-waste) the landfill in 2014-16. The primary purpose of the effective solubility calculations was to determine the likely presence or absence of dense non-aqueous phase liquids (DNAPLs), which is important for understanding the sources, persistence, and movement of the leachate contaminants. Percent effective solubility (a measure of the degree of deviation of a measured liquid concentration of a compound from the aqueous effective solubility) greater than 1 percent is the threshold that commonly has been used to infer the presence of DNAPLs or mixed DNAPLs in aqueous monitoring results. In the present study, however, thresholds higher than 1 percent were used because of elevated temperatures and concentrations of cosolvents in the liquid samples-thresholds of 10 percent or 100 percent, respectively, were used for liquid and solid (at 25 degrees Celsius) organic compounds for potential non-aqueous phase liquid presence.
Overall, the effective solubility calculations indicate the likely presence of DNAPLs or mixed DNAPLs in some samples for a range of compounds, including tetrachloroethene, trichloroethene, 1,1-dichloroethene, vinyl chloride, 1,2,4-trichlorobenzene, 1,4-dichlorobenzene, 1,2-dichlorobenzene, naphthalene, toluene, ethylbenzene, and xylenes. Samples with the highest calculated percent effective solubilities for chlorinated ethenes, ethanes, and benzenes were from a location where liquid in the waste prism is known to be in contact with the groundwater beneath the landfill. Trends in the effective solubilities for the chlorinated ethenes and ethanes were generally consistent between the in-waste and sub-waste samples, supporting a similar source composition for these liquids. Percent effective solubilities were less than 10 for the chlorinated ethanes in all the in-waste and subwaste samples, indicating that DNAPL of these compounds is not present. Percent effective solubilities of chlorinated benzenes, ethylbenzene, and xylenes exceeded the 10-percent
Introduction
Landfill leachates that can contain nutrients, metals, and organic compounds are a major concern for groundwater and surface-water contamination nationwide (Cozzarelli and others, 2011; Masoner and others, 2014) . Class I landfills, which received hazardous chemical wastes as well as nonhazardous wastes, can include a particularly wide range of inorganic and organic compounds (Pavelka and others, 1993) ; an understanding of the effect of these compound mixtures on the mobility of individual contaminants is needed to assess potential effects on water resources and leachate treatment methods. The U.S. Geological Survey (USGS) assessed the effective solubilities of organic analytes at the BKK Class I Landfill site, referred to as the Landfill, in cooperation with the California Department of Toxic Substances Control (DTSC) to provide an understanding of the effects of leachate chemistry (as reported in the Draft Leachate Investigation Report [Geosyntec, written commun., 2017] ) on the chemical solubility of individual chemicals. Specifically, DTSC wanted the review of leachate chemistry data and solubility effects to focus on (1) analysis of chlorinated volatile organic compounds (VOCs), in particular 1,4-dioxane, vinyl chloride, and trichloroethene; (2) comparative assessment of representative metals and semi-volatile organic compounds (SVOCs), such as naphthalene; and (3) comparative assessment of the chemical composition of liquid samples collected within (in-waste) and below (sub-waste) the landfill. Although a review of metals data, as well as organic analytes, was requested by DTSC in relation to leachate chemistry effects on solubilities, this report only assesses the organic chemical data. Metal solubility is greatly affected by pH and redox chemistry, for which little or no data are available in the Draft Leachate Investigation Report (Geosyntec, written commun., 2017) .
The primary purpose of assessing the effective solubilities of organic contaminants at the site was to determine the likely presence or absence of non-aqueous phase liquids (NAPLs), which is important for understanding the sources, persistence, and movement of the leachate contaminants within and between the in-waste and sub-waste liquids and the migration to deeper groundwater. Low-solubility organic contaminants that have densities greater than water, such as chlorinated solvents, coal tar (a complex mix of oils and polycyclic aromatic hydrocarbons, or PAHs), and polychlorinated biphenyls (PCBs), can exist as DNAPLs (dense non-aqueous phase liquids). Organic contaminants such as benzene, toluene, ethylbenzene, and xylenes (BTEX) that have densities lighter than water in their pure phase can exist as LNAPLs (light non-aqueous phase liquids). Mixed DNAPLs that contain compounds normally associated with LNAPLs (along with typical DNAPLs) also may be found, especially at industrial disposal sites such as the Landfill, where blending and mixing of a wide variety of organic compounds may have occurred (Kueper and Davies, 2009 ). In mixed DNAPLs, DNAPL compounds may partition into LNAPL fractions.
Although the presence of LNAPLs has been observed in the Landfill leachate drilling locations, the presence of DNAPL or mixed DNAPLs was considered unlikely based on measured concentrations below the aqueous solubility threshold of 1 percent that is commonly used as a "rule of thumb" to screen for the potential presence of DNAPL, as described in the Draft Leachate Investigation Report (Geosyntec, written commun., 2017) . The 1-percent threshold has been used to infer the presence of DNAPLs in aqueous monitoring results where limited or no data are available from direct testing for the presence of DNAPLs through soil or water analyses methods, such as hydrophobic dyes (U.S. Environmental Protection Agency, 2004a; Kueper and Davies, 2009 ). However, the 1-percent threshold for considering groundwater concentrations indicative of NAPL presence refers to effective solubilities rather than aqueous solubilities, when the NAPL may contain more than one compound (Kueper and Davies, 2009) .
Given the large number of organic contaminants measured in liquid samples collected at the Landfill, effective solubilities need to be considered to empirically assess the potential presence of DNAPL. DNAPL can be present in municipal or combined use landfills and potentially pose a risk to underlying groundwater, particularly in unlined landfills such as the Landfill (U.S. Environmental Protection Agency, 2004a, b) . In this report, the effective solubilities of the organic contaminants at the Landfill were estimated, and the results of these calculations in relation to the potential presence or absence of NAPLs within or below the Landfill waste are presented. It should be noted that this empirical method cannot distinguish the form in which DNAPLs may occur (residual DNAPL or DNAPL pools), and the form of the DNAPL would affect its mobility and dissolution rates (Essaid and others, 2015) . These calculations can address one of the objectives developed by the California DTSC for leachate investigations at the Landfill-assess the presence and vertical depth of DNAPLs released from the Landfill into the underlying native soils and bedrock. The effective solubilities also are used to compare the similarities and differences in the chemical composition of the liquids within and below the waste. The data used in this report are provided in the supplemental information (https://doi.org/10.3133/ofr20191080).
Background
The aqueous solubility of a compound is defined as the equilibrium, or saturation concentration (C sat ), of the organic compound liquid or solid in the aqueous phase, denoting the maximum concentration of a given chemical that can be dissolved in pure water at a given temperature and pressure. The equilibrium solubility in water of an individual compound in a multi-component NAPL is referred to as the compound's effective solubility. Because the various compounds in a multicomponent NAPL can suppress each other's individual aqueous solubility, effective solubilities typically are lower than the reported aqueous solubilities for the individual compounds (Kueper and Davies, 2009) .
The solubility of a compound is affected by its molecular structure and physical and chemical properties of the aqueous solution. Temperature is the most important physical property to consider. Measured aqueous solubilities reported in the literature typically are for solutions at 20 or 25 degrees Celsius (°C), whereas liquid temperatures from the Landfill piezometers were as high as 50 °C (Geosyntec, written commun., 2017) . Note that the Draft Leachate Investigation Report that contains these data will be available, when finalized, on a DTSC website (https://www.envirostor.dtsc.ca.gov/public/ profile_report?global_id=19490005).
In general, for low molecular weight organic compounds that are a liquid at room temperature, such as chloroform, the solubility changes less than 20 percent with a 30 °C temperature change (Schwarzenbach and others, 2003, chapter 5) . The temperature effect becomes more important for compounds that are a gas or a solid at room temperature such as vinyl chloride or dibenzofuran. Within the temperature range of 25 to 50 °C measured at the Landfill, the solubility of a gas in water would decrease as temperature increases, whereas the solubility of a solid would increase. Examples from reported experimental data indicate that these temperature effects for gases and solids are between a factor of 2 to 2.5 change in solubility from the 25 °C values (Schwarzenbach and others, 2003, chapter 5) .
Important chemical properties to consider include pH, ionic strength (dissolved salts), and the chemical composition of the water (leachate, in this case), especially the concentration of cosolvents (Schwarzenbach and others, 2003) . The effect of pH on the deviation of saturation concentrations from the compound's reported aqueous solubility will be most important in acidic or basic water, as the reported values are measured in pure water with a neutral pH. The Draft Leachate Investigation Report (Geosyntec, written commun., 2017) gives near-neutral pH values for sediment samples (pH 6.7-8.1; median 7.6) and for most liquid samples measured during well development (pH 4.58-6.93; median 6.52). Only 2 of the 13 wells had reported pH values below 6.4 during well development. Based on the measured near-neutral pH values, pH is not expected to be an important factor affecting solubility calculations for the Landfill. Ionic strength effects on aqueous solubilities generally are less than a factor of 1.5 to 3 at the moderate salt concentrations found in seawater (Schwarzenbach and others, 2003, chapter 5) , which has an ionic strength of approximately 0.7 molar (M) (Davis and Masten, 2013) . Although complete inorganic compositions of the liquid samples collected at the Landfill are unknown, the ionic strength of liquids in mature landfills (greater than 10 years old), such as the BKK Class I Landfill, is typically about 0.05 M (Davis and Masten, 2013) . Thus, ionic strength effects are likely minor compared to possible temperature and cosolvent effects.
Cosolvents include any highly water-miscible organic solvents that can change the solvation properties of the aqueous phase. Completely water-miscible organic solvents include acetone and 1,4-dioxane, which are prevalent at the Landfill, and these solvents have been mostly studied for their solubility effect on low-solubility organic solids, including PAHs and PCBs (Schwarzenbach and others, 2003) . Limited data are available on the aqueous solubility effect of completely water-miscible solvents on liquid organic compounds or on the solubility effect of partially miscible organic solvents, such as n-alcohols (n greater than 3) and ethers. Schwarzenbach and others (2003) presented data that indicated the solubility effect of highly miscible organic solvents on other compounds exceeded a factor of 2 only when the cosolvent volume fractions were greater than 5 to 10 percent in the aqueous solution. The solubility effect can then increase exponentially with increasing volume fractions of cosolvents. For example, the cosolvents 1,4-dioxane and acetone increased the solubility of naphthalene (a solid) by a factor of 3 if 20 percent (by volume) of the solvent was present in water and by a factor of about 30 to 40 if 40 percent of the solvent was present in water (Schwarzenbach and others, 2003, table 5.8) . The cosolvent solubility effect on organic contaminants that are liquids, such as trichloroethene or 1,2-dichloroethane, would be lower than the effect for solid contaminants.
Methods and Data Analysis
VOC and SVOC analytical results were obtained from the Draft Leachate Investigation Report tables 4-8 and 4-9 (Geosyntec, written commun., 2017) . The data include chemical composition of the leachate liquids from 10 in-waste piezometers, 8 sub-waste piezometers, and 8 landfill gas (LFG) wells sampled in 2014-16 and 28 LFG wells sampled earlier in 2014 (Geosyntec, written commun., 2017, tables 4-8 and 4-9) . In-waste piezometers have a 10-foot (ft) screened interval placed approximately 5 ft above the base of the waste, and the sub-waste piezometers have a 5-ft screened interval placed in the native material directly underlying the Landfill. In contrast, the LFG wells, which are connected to an extraction system to manage landfill gas and liquid accumulation, intersect a large part of the waste with screened intervals from 40 to more than 100 ft long. The data utilized for calculations reported here include 59 sets of liquid samples and additional duplicates that were collected from these three well types during the Phase I and II investigation (Geosyntec, written commun., 2017) . Sampling methods and locations of the Phase II investigation are detailed in workplans (Geosyntec, 2013 (Geosyntec, , 2015 that are available on a DTSC website (https://www.envirostor.dtsc.ca.gov/public/ profile_report?global_id=19490005).
Literature values of the aqueous solubility and molecular weights were tabulated for all analytes (Howard, 1989; Montgomery, 1991; Montgomery and Welkom, 1990 ; National Institutes of Health, 2018; U.S. Environmental Protection Agency, 2018). VOC and SVOC concentrations were converted to micromolar concentrations, and the mole fraction of each compound detected in a given sample was calculated. The accompanying spreadsheet provided as supplemental information (https://doi.org/10.3133/ofr20191080) shows the tabulated aqueous solubility and molecular weight values (table SI-1) and the mole fraction and effective solubility calculations (tables SI-2 to SI-9). Because the fractions of the compounds disposed of as NAPL in the waste are unknown, an effective solubility for each sample was calculated assuming the molar fractions of compounds in the liquid samples were representative of the possible NAPL molar fractions. The effective solubility for a compound is calculated from Raoult's Law (Kueper and Davies, 2009 ):
where C eff is the effective solubility (micromoles per liter, µmol/L) of a compound; m is the unitless mole fraction of a compound in the liquid sample; and C sat is the aqueous solubility of the compound (µmol/L) at 25 °C from the literature. The degree of deviation of the measured liquid concentration from the aqueous effective solubility, % C eff , was then calculated as:
where C meas is the measured concentration (µmol/L) of the compound. Generally, % C eff greater than 1 percent is regarded as likely NAPL contact or presence in groundwater (Kueper and Davies, 2009 ). These calculations (1) assume ideal partitioning behavior between the NAPL and water, (2) do not account for possible changes in the NAPL composition over time, and (3) do not consider the effect of cosolvents. Because of the elevated temperatures and the presence of cosolvents in the Landfill liquid samples (see Mole Fractions in Landfill Liquid Samples section), an additional margin of error was applied to the calculation and greater than 10 percent or 100 percent (one to two orders of magnitude), respectively, were used for liquid and solid organic compounds as the threshold for potential NAPL presence in the Landfill setting. The higher threshold of 100 percent was used for the compounds that are solid at 25ºC because of the higher cosolvent and temperature effects on the solubility of these organic contaminants. In addition, the assumption that the molar fractions of compounds in the liquid samples are representative of the possible NAPL molar fractions does not account for loss to a vapor phase. If aqueous samples are from vented wells that may have been affected by landfill gas removal, known gas phase concentrations could be used to adjust to the aqueous concentrations using Henry's Law (Kueper and Davies, 2009 ). The effective solubility calculations presented here do not incorporate gas phase concentrations.
Some compounds, including 1,4-dioxane and naphthalene, were analyzed both by VOC and SVOC methods and appeared twice in tabulated data in the Draft Leachate Investigation Report (Geosyntec, written commun., 2017) ; a comparison of concentrations showed that the two analytical methods gave similar concentrations, however, the VOC results were typically higher than the SVOC results. The VOC results were used for all overlapping analytes in the assessment of effective solubilities.
Mole Fractions in Landfill Liquid Samples
Calculations of mole fractions in the samples were initially performed with the complete organic analytes included in tables 4-8 and 4-9 in the Draft Leachate Investigation Report (Geosyntec, written commun., 2017) to determine the mole fractions of cosolvents in each sample (tables SI-3 and SI-9). Compounds with aqueous solubilities greater than 100,000 micromoles per liter (µmol/L) were considered as possible cosolvents, but some cosolvent compounds that had very low concentrations (table 1) were not included in the figures showing cosolvent importance in the samples (figs. 1 and 2). Of the 10 cosolvents that had high concentrations in the liquid samples, acetone and 1,4-dioxane had the highest aqueous solubilities by a factor of about 3 or more (table 1) . The 10 cosolvents considered important (table 1), except benzyl alcohol, were noted as part of a group of 14 compounds that had average concentrations greater than 1,000 micrograms per liter (µg/L) in liquid samples across the Landfill (Geosyntec, written commun., 2017) . In general, 1,4-dioxane and (or) acetone (the most soluble of the cosolvents with high concentrations) were the most prevalent and had the highest mole fractions in the in-waste, sub-waste, and LFG-well liquid samples (figs. 1 and 2).
Most in-waste samples had total mole fractions of cosolvents greater than 0.50 (50 percent by mass; fig. 1 ). Note that samples from many piezometers were collected on different dates, which is indicated in the last segment of the sample name (fig. 1) ; samples are referred to throughout this report simply by the piezometer name to include samples taken on different dates. Although two in-waste samples from TP940-3A (TP940-3A-01222015 and DUP-01222015 (TP940-3A) in fig. 1A ) had relatively low total mole fractions of 0.35 and 0.48, another sample (DUP-01212015 (TP940-3A) in fig. 1A ) had a cosolvent total mole fraction of 0.98, possibly indicating a sample collection issue. Similarly, the sub-waste well samples had total mole fractions of cosolvents greater than 0.50, except that some, but not all, samples from TP740-2BR and TP940-4B had low total cosolvent mole fractions between 0.13 and 0.30 ( fig. 1B ). All except one of the samples from the LFG wells sampled in 2014 (table SI-9) and all of the 2016 LFG wells ( fig. 2 ) had total mole fractions of cosolvents of 0.60 or higher, which was consistently higher than the in-waste or sub-waste cosolvent mole fractions. It is likely that the liquid in the longer-screened LFG wells is more affected by vapor losses than the in-waste or sub-waste samples, resulting in a bias toward the highly soluble cosolvent compounds in the LFG samples. The longer screens (greater than 40 to 100 ft) in the LFG wells also may result in a bias toward the cosolvent compounds if these compounds are more widely distributed.
Assuming the mole fractions are equivalent to volume fractions (density=1), cosolvent effects on the effective solubility calculations are likely significant for all samples except the one sample from sub-waste well TP940-4B that had a total mole fraction of cosolvents of about 10 percent (TP940-4B-09012016 in fig. 1B ) (Schwarzenbach and others, 2003) . Because the principles of cosolvent effects on the solubility of organic compounds consider the volume fraction of cosolvents in a sample (see Background section) rather than the mole fraction, the specific gravity of the cosolvent compounds (table 1) was used to calculate volume fractions of these compounds in the samples to verify this assumption (table SI-10). The calculated mole and volume fractions of the two most prevalent, high concentration cosolvents, acetone and 1,4-dioxane, are compared in figure 3. The mole and volume fractions showed a nearly 1:1 relation, supporting the validity of the use of mole fractions in this study to evaluate possible cosolvent effects. As observed for the results of mole fraction of cosolvents, only one sample from sub-waste well TP940-4B had a total volume fraction of cosolvents of slightly less than 10 percent; thus, cosolvent effects on the solubility of other organic compounds could be considered minimal in this one sample (Schwarzenbach and others, 2003) . All other samples had a greater than 10-percent volume fraction of cosolvents, and most samples had greater than 30 percent cosolvents by volume. Mole fraction T P 7 2 5 -1 A -1 2 0 9 1 5 T P 7 2 5 -1 A -0 5 0 3 2 0 1 6 T P 7 4 0 -1 A -0 8 1 0 2 0 1 6 T P 7 4 0 -1 A -0 8 2 5 2 0 1 6 T P 7 4 0 -2 A -1 1 1 2 2 0 1 5 T P 7 4 0 -2 A -0 8 2 6 2 0 1 6 T P 7 4 0 -2 A D -0 8 2 6 2 0 1 6 T P 7 4 0 -2 A -0 9 0 7 2 0 1 6 T P 8 5 0 -1 A -0 8 3 0 2 0 1 6 T P 9 4 0 -1 A -0 1 2 3 2 0 1 5 T P 9 4 0 -1 A -0 9 0 1 2 0 1 6 T P 9 4 0 -3 A -0 1 2 1 2 0 1 5 T P 9 4 0 -3 A -0 1 2 2 2 0 1 5 D U P -0 1 2 1 2 0 1 5 ( T P 9 4 0 -3 A ) D U P -0 1 2 2 2 0 1 5 ( T P 9 4 0 -3 A ) T P 9 4 0 -4 A -1 2 1 0 2 0 1 4 T P 9 4 0 -4 A -0 9 0 1 2 0 1 6 T P 9 4 0 -5 A -1 2 0 9 1 5 T P 9 4 0 -5 A -0 8 2 9 2 0 1 6 T P 9 4 0 -6 A -0 3 1 0 2 0 1 6 T P 9 4 0 -6 A D -0 3 1 0 2 0 1 6 T P 9 4 0 -6 A -0 6 1 5 2 0 1 6 T P 9 4 0 - Mole fraction T P 7 2 5 -1 B -0 8 2 5 2 0 1 6 T P 7 2 5 -1 B -0 9 0 6 2 0 1 6 T P 7 4 0 -2 B R -1 1 1 2 2 0 1 5 T P 7 4 0 -2 B R -0 5 0 3 2 0 1 6 T P 7 4 0 -2 B R D -0 5 0 3 2 0 1 6 T P 7 4 0 -2 B R -0 8 2 6 2 0 1 6 T P 7 4 0 -2 B R -0 9 0 6 2 0 1 6 T P 7 4 0 -2 B R D -0 9 0 6 2 0 1 6 T P 9 4 0 -1 B -1 2 0 9 2 0 1 4 T P 9 4 0 -1 B -0 9 0 1 2 0 1 6 T P 9 4 0 -1 B -0 9 0 8 2 0 1 6 T P 9 4 0 -2 B -A Q -9 0 T P 9 4 0 -2 B -A Q -1 0 0 T P 9 4 0 -2 B -A Q -1 2 0 T P 9 4 0 -2 B -A Q -1 3 0 T P 9 4 0 -3 B -0 1 2 2 2 0 1 5 T P 9 4 0 -3 B -0 8 3 1 2 0 1 6 T P 9 4 0 -4 B -1 2 1 0 2 0 1 4 T P 9 4 0 -4 B -0 9 0 1 2 0 1 6 T P 9 4 0 -4 B -0 9 0 7 2 0 1 6 T P 9 4 0 -5 B -0 8 2 9 2 0 1 6 T P 9 4 0 -5 B -0 9 0 7 2 0 1 6 T P 9 4 0 -6 B -0 3 1 0 2 0 1 6 T P 9 4 0 -6 B -0 6 1 5 2 0 1 6 T P 9 4 0 -6 B -0 8 2 9 2 0 1 6 T P 9 4 0 -6 B -0 9 0 6 2 0 1 6 T P 9 4 0 -7 B -0 8 [Geosyntec, written commun., 2017] .)
The high solubility of the cosolvent compounds (table 1) likely indicates that they would be an insignificant component of any NAPL, even mixed DNAPL, present at the site. Therefore, mole fractions of the organic analytes in the samples were recalculated excluding the cosolvent compounds for determination of effective solubilities and evaluation of NAPL presence (table SI-5). The recalculated mole fractions for selected compounds that were noted by DTSC as those of interest, including chlorinated solvents (chlorinated ethanes, chlorinated ethenes, and chlorinated benzenes) and naphthalene, are shown in figures 4 and 5. BTEX compounds also are included in these figures and subsequent figures showing effective solubility results because of the reported presence of aromatic compounds in LNAPL at the site. For the chlorinated solvents, compounds such as 1,2-cis-dichloroethene, vinyl chloride, and 1,2-dichloroethane, that could be degradation products of the higher chlorinated compounds, as well as having a direct disposal source, were included. The relative prevalence and mole fractions of the selected compounds are variable among the in-waste and sub-waste samples, although they share characteristic compounds ( fig. 4) . Vinyl chloride, chlorobenzene, and BTEX were prevalent in the in-waste and sub-waste samples, with mole fractions of each compound greater than 5 percent in many samples and as high as 50 percent (fig. 4 ). In addition, cis-1,2-dichlorothene had a relatively high mole fraction, especially in the in-waste samples, Table 1 . Concentrations, aqueous solubilities (C sat ), and specific gravities of compounds that were considered possible cosolvents and excluded from the effective solubility calculations because of their high aqueous solubilities.
["High concentration" cosolvents that resulted in mole fractions of greater than 0.015 in the samples were used in initial calculations of mole fractions to quantify their importance relative to those compounds possibly present in non-aqueous phase liquid; these compounds are included in figures 1 and 2. "Low concentration" cosolvents were detected at very low concentrations that resulted in mole fractions of less than 0.015; these compounds are excluded from figures 1 and 2 that show cosolvent importance in the samples. Median, mean, and maximum concentrations of cosolvent compounds reported in table 4-8 in the Draft Leachate Investigation Report (Geosyntec, written commun., 2017) are shown in micrograms per liter (µg/L); the maximum concentration was used to calculate the maximum percent solubility in each liquid sample. µmol/L, micromoles per liter; n, number of samples; g/mL, grams per milliliter; --, no data] and was the predominant compound on a mole fraction basis in samples from TP740-1A. Many of the sub-waste samples, however, had distinctly higher mole fractions of the chlorinated ethanes 1,1,2-trichloroethane, 1,1-dichloroethane, and 1,2-dichloroethane (greater than about 15 percent for one or more chlorinated ethanes) than was observed in the in-waste samples (less than 1 percent) ( fig. 4) . Mole fraction dominance of these chlorinated ethanes is the primary difference between some of the sub-waste and in-waste samples. This conclusion, based on mole fractions with cosolvents excluded, differs partly from the chemical characterization conclusion in the Draft Leachate Investigation Report (Geosyntec, written commun., 2017, p. 99 ) that the sub-waste liquid generally has a higher concentration of both chlorinated ethanes and ethenes than the in-waste liquid. The LFG-well liquid samples from 2016 ( fig. 5 ) generally had markedly lower mole fractions of the compounds of interest than those observed in the in-waste and sub-waste samples ( fig. 4) . Total mole fractions of the compounds of interest were less than 40 percent in all except four of the LFG-well liquid samples ( fig. 5 ), whereas most in-waste and sub-waste samples had total mole fractions greater than 40 percent with cosolvents excluded (fig. 4) . BTEX compounds were predominant and accounted for the highest total mole fractions in the LFG well samples. Vinyl chloride also was prevalent in the LFG well samples, but at lower mole fractions than observed in the in-waste and sub-waste samples. Other compounds, excluding cosolvents, that did have high mole fractions in the LFG-well liquid samples included benzoic acid in samples from DW-4D (0.57 to 0.64 mole fraction) and tetrahydrofuran in samples from DW-7S, W660-DW, W740-14, WE-03R, and WSH-01 (0.58 to 0.87 mole fraction) (table SI-6). As noted when discussing the higher mole fraction of cosolvents in the LFG-well samples, these wells have longer screened intervals and may be affected more by volatilization and landfill gas removal than the samples from the in-waste and sub-waste piezometers. Thus, effective solubility calculations largely focused on the in-waste and sub-waste piezometer samples because the LFG-well samples may not be representative of liquid chemistry in the landfill without accounting for gas phase concentrations.
Effective Solubilities in Landfill Liquid Samples
The "percent effective solubilities," which indicate the percent deviation of measured concentrations from the calculated effective solubilities (eq. 2), were calculated for the broad suite of compounds included in the volatile and semivolatile analyses (excluding the cosolvents) (table SI-5). This group of compounds was used because mixed DNAPLs could be present at the site that might include compounds typically considered to be a LNAPL, such as benzene. Because of the added uncertainties from the elevated water temperatures and cosolvent presence, a percent effective solubility greater than 10 percent was considered as a reasonable threshold for indicating a likely NAPL presence for most compounds. However, a threshold of 100 percent was considered for compounds with very low aqueous solubilities (less than 250 µmol/L) that would show the greatest cosolvent and temperature effects, such as the PAHs like naphthalene ( fig. 6 ). Thresholds lower than 10 percent or 100 percent could be used for the sample from TP940-4B-09012016 that had a low cosolvent mole fraction of about 10 percent, but another sample from the same sampling data had a higher cosolvent mole fraction.
The percent effective solubilities varied widely among the compounds considered but were within a range of 0.01 to 1,000 percent for most samples (fig. 6 ). The least soluble compounds had the highest percent effective solubilities (greater than 1,000 percent) and may be present in the unfiltered liquid samples as particulates or sorbed to particulates. Out of the 82 compounds included in the calculations, 32 compounds had percent effective solubilities of less than or equal to 10 in all samples (table 2). The compounds of specific interest to DTSC that had less than 10 percent effective solubilities include 1,1,2-trichloroethane, 1,1-dichloroethane, 1,2-dichloroethane, and cis-1,2-dichloroethene. However, NAPLs with a wide mix of other compounds also are potentially present at the site.
The percent effective solubilities of chlorinated solvents, BTEX, and naphthalene, that are of specific interest, are shown in figure 7 for the in-waste and sub-waste samples. The in-waste and sub-waste samples showed similar patterns and ranges of percent effective solubilities for the selected compounds, although sub-waste samples from well TP940-6B Mole fraction T P 7 2 5 -1 A -1 2 0 9 1 5 T P 7 2 5 -1 A -0 5 0 3 2 0 1 6 T P 7 4 0 -1 A -0 8 1 0 2 0 1 6 T P 7 4 0 -1 A -0 8 2 5 2 0 1 6 T P 7 4 0 -2 A -1 1 1 2 2 0 1 5 T P 7 4 0 -2 A -0 8 2 6 2 0 1 6 T P 7 4 0 -2 A D -0 8 2 6 2 0 1 6 T P 7 4 0 -2 A -0 9 0 7 2 0 1 6 T P 8 5 0 -1 A -0 8 3 0 2 0 1 6 T P 9 4 0 -1 A -0 1 2 3 2 0 1 5 T P 9 4 0 -1 A -0 9 0 1 2 0 1 6 T P 9 4 0 -3 A -0 1 2 1 2 0 1 5 T P 9 4 0 -3 A -0 1 2 2 2 0 1 5 D U P -0 1 2 1 2 0 1 5 ( T P 9 4 0 -3 A ) D U P -0 1 2 2 2 0 1 5 ( T P 9 4 0 -3 A ) T P 9 4 0 -4 A -1 2 1 0 2 0 1 4 T P 9 4 0 -4 A -0 9 0 1 2 0 1 6 T P 9 4 0 -5 A -1 2 0 9 1 5 T P 9 4 0 -5 A -0 8 2 9 2 0 1 6 T P 9 4 0 -6 A -0 3 1 0 2 0 1 6 T P 9 4 0 -6 A D -0 3 1 0 2 0 1 6 T P 9 4 0 -6 A -0 6 1 5 2 0 1 6 T P 9 4 0 - Mole fraction T P 7 2 5 -1 B -0 8 2 5 2 0 1 6 T P 7 2 5 -1 B -0 9 0 6 2 0 1 6 T P 7 4 0 -2 B R -1 1 1 2 2 0 1 5 T P 7 4 0 -2 B R -0 5 0 3 2 0 1 6 T P 7 4 0 -2 B R D -0 5 0 3 2 0 1 6 T P 7 4 0 -2 B R -0 8 2 6 2 0 1 6 T P 7 4 0 -2 B R -0 9 0 6 2 0 1 6 T P 7 4 0 -2 B R D -0 9 0 6 2 0 1 6 T P 9 4 0 -1 B -1 2 0 9 2 0 1 4 T P 9 4 0 -1 B -0 9 0 1 2 0 1 6 T P 9 4 0 -1 B -0 9 0 8 2 0 1 6 T P 9 4 0 -2 B -A Q -9 0 T P 9 4 0 -2 B -A Q -1 0 0 T P 9 4 0 -2 B -A Q -1 2 0 T P 9 4 0 -2 B -A Q -1 3 0 T P 9 4 0 -3 B -0 1 2 2 2 0 1 5 T P 9 4 0 -3 B -0 8 3 1 2 0 1 6 T P 9 4 0 -4 B -1 2 1 0 2 0 1 4 T P 9 4 0 -4 B -0 9 0 1 2 0 1 6 T P 9 4 0 -4 B -0 9 0 7 2 0 1 6 T P 9 4 0 -5 B -0 8 2 9 2 0 1 6 T P 9 4 0 -5 B -0 9 0 7 2 0 1 6 T P 9 4 0 -6 B -0 3 1 0 2 0 1 6 T P 9 4 0 -6 B -0 6 1 5 2 0 1 6 T P 9 4 0 -6 B -0 8 2 9 2 0 1 6 T P 9 4 0 -6 B -0 9 0 6 2 0 1 6 T P 9 4 0 -7 B -0 8 had the highest percent effective solubilities and consistently (except for naphthalene) exceeded those observed in the inwaste samples or other sub-waste samples ( fig. 7) . Sample TP940-6B was taken from a location where the groundwater is known to be in contact with the waste prism, and the well had liquid whether vented or sealed (Draft Leachate Investigation Report, Appendix Q [Geosyntec, written commun., 2017] ). Among the in-waste samples, TP940-4A and TP940-6A consistently had the highest percent effective solubilities for the compounds of interest ( fig. 7 ). TP940-4A and TP940-6A also were noted in the Draft Leachate Investigation Report as having liquid whether vented or sealed, and gas samples from TP940-6A had three to four orders of magnitude higher gas concentrations of chlorinated solvents and BTEX than those measured in TP940-6B (Geosyntec, written commun., 2017) . If gas phase concentrations were accounted for in the calculations with the liquid samples, percent effective solubilities for the TP940-6A liquid samples may be as high or higher than those calculated for TP940-6B. The compounds shown in figure 7 are separated by class and shown in figures 8 to 11, plotted by the samples from inwaste and sub-waste piezometers. For the chlorinated ethanes, all of the in-waste and sub-waste samples had percent effective solubilities less than 10, indicating that DNAPL or mixed DNAPL including these compounds likely is not present (fig. 8) . The highest percent effective solubility for the chlorinated ethanes was in samples from TP940-6B, where a range of about 4 to 5 percent effective solubility was calculated for 1,1,2-trichlorethane. [Geosyntec, written commun., 2017] , excluding all cosolvents listed in table 1).
[%, percent; ≤, less than or equal to; >, greater than] % Effective solubility ≤1 % Effective solubility >1 and ≤10 TP940-4A-09012016  TP940-5A-120915  TP940-5A-08292016  TP940-6A-03102016  TP940-6AD-03102016  TP940-6A-06152016   TP940-7A-08302016  TP725-1B-08252016  TP725-1B-09062016  TP740-2BR-11122015  TP740-2BR-05032016  TP740-2BRD-05032016  TP740-2BR-08262016  TP740-2BR-09062016  TP740-2BRD-09062016  TP940-1B-12092014  TP940-1B-09012016   TP940-1B-09082016   TP940-2B-AQ-100  TP940-2B-AQ-120  TP940-2B-AQ-130  TP940-3B-01222015  TP940-3B-08312016  TP940-4B-12102014  TP940-4B-09012016  TP940-4B-09072016  TP940-5B-08292016   TP940-5B-09072016  TP940-6B-03102016  TP940-6B-06152016  TP940-6B-08292016  TP940-6B-09062016  TP940-7B- 
Allyl Chloride Alachlor
TP940-2B-AQ-90
[Black sample numbers, in-waste; blue sample numbers, sub-waste; brown sample numbers, LFG] I s o d r i n B e n z o [ a ] a n t h r a c e n e P y r e n e B i s ( 2 -e t h y l h e x y l ) p h t h a l a t e F l u o r a n t h e n e P h e n a n t h r e n e A n t h r a c e n e D i -n -o c t y l p h t h a l a t e B u t y l b e n z y l p h t a l a t e F l u o r e n e E t h y l P a r a t h i o n A c e n a p h t h e n e D i b e n z o f u r a n 2 -C h l o r o n a p h t h a l e n e S u l f o t e p p n -B u t y l b e n z e n e A c e n a p h t h y l e n e s e c -B u t y l b e n z e n e M e t h y l p a r a t h i o n 2 -M e t h y l n a p h t h a l e n e p -I s o p r o p y l t o l u e n e n -N i t r o s o d i p h e n y l a m i n e ( a s d i p h e n y l a m i n e )
1 -M e t h y l n a p h t h a l e n e P h o r a t e t e r t -B u t y l b e n z e n e N a p h t h a l e n e 1 , 2 , 4 -T r i c h l o r o b e n z e n e 1 , 3 , 5 -T r i m e t h y l b e n z e n e I s o p r o p y l b e n z e n e 1 , 2 , 4 -T r i m e t h y l b e n z e n e n -P r o p y l b e n z e n e 1 , 4 -D i c h l o r o b e n z e n e 1 , 2 , 3 -T r i m e t h y l b e n z e n e 4 -C h l o r o t o l u e n e 1 , 3 -D i c h l o r o b e n z e n e I s o s a f r o l e A l a c h l o r T e t r a c h l o r o e t h e n e X y l e n e s , t o t a l 1 , 2 -D i c h l o r o b e n z e n e 1.0E−05
1.0E−04
1.0E−03
1.0E−02
1.0E−01
1.0E+00
1.0E+01
1.0E+02
1.0E+03
1.0E+04
1.0E+05 TP725-1A-05032016  TP740-1A-08102016  TP740-1A-08252016  TP740-2A-11122015  TP740-2A-08262016  TP740-2AD-08262016  TP740-2A-09072016  TP850-1A-08302016  TP940-1A-01232015  TP940-1A-09012016   TP940-3A-01212015  TP940-3A-01222015  DUP-01212015 (TP940-3A)  DUP-01222015 (TP940-3A)  TP940-4A-12102014  TP940-4A-09012016  TP940-5A-120915  TP940-5A-08292016  TP940-6A-03102016  TP940-6AD-03102016  TP940-6A-06152016   TP940-7A-08302016  TP725-1B-08252016  TP725-1B-09062016  TP740-2BR-11122015  TP740-2BR-05032016  TP740-2BRD-05032016  TP740-2BR-08262016  TP740-2BR-09062016  TP740-2BRD-09062016  TP940-1B-12092014  TP940-1B-09012016   TP940-1B-09082016   TP940-2B-AQ-100  TP940-2B-AQ-120  TP940-2B-AQ-130  TP940-3B-01222015  TP940-3B-08312016  TP940-4B-12102014  TP940-4B-09012016  TP940-4B-09072016  TP940-5B-08292016   TP940-5B-09072016  TP940-6B-03102016  TP940-6B-06152016  TP940-6B-08292016  TP940-6B-09062016  TP940-7B- Effective solubility, in percent 1 , 1 , 2 , 2 -T e t r a c h l o r o e t h a n e 1 , 1 , 2 -T r i c h l o r o e t h a n e 1 , 2 -D i c h l o r o e t h a n e 1 , 1 -D i c h l o r o e t h a n e T e t r a c h l o r o e t h e n e T r i c h l o r o e t h e n e 1 , 1 -D i c h l o r o e t h e n e c i s -1 , 2 -D i c h l o r o e t h e n e t r a n s -1 , 2 -D i c h l o r o e t h e n e V i n y l C h l o r i d e 1 , 2 , 4 -T r i c h l o r o b e n z e n e 1 , 4 -D i c h l o r o b e n z e n e 1 , 3 -D i c h l o r o b e n z e n e 1 , 2 -D i c h l o r o b e n z e n e C h l o r o b e n z e n e N a p h t h a l e n e X y l e n e s , t o t a l E t h y l b e n z e n e T o l u e n e B e n z e n e Selected compounds Effective solubility, in percent 1 , 1 , 2 , 2 -T e t r a c h l o r o e t h a n e 1 , 1 , 2 -T r i c h l o r o e t h a n e 1 , 2 -D i c h l o r o e t h a n e 1 , 1 -D i c h l o r o e t h a n e T e t r a c h l o r o e t h e n e T r i c h l o r o e t h e n e 1 , 1 -D i c h l o r o e t h e n e c i s -1 , 2 -D i c h l o r o e t h e n e t r a n s -1 , 2 -D i c h l o r o e t h e n e V i n y l C h l o r i d e 1 , 2 , 4 -T r i c h l o r o b e n z e n e 1 , 4 -D i c h l o r o b e n z e n e 1 , 3 -D i c h l o r o b e n z e n e 1 , 2 -D i c h l o r o b e n z e n e C h l o r o b e n z e n e N a p h t h a l e n e X y l e n e s , t o t a l E t h y l b e n z e n e T o l u e n e B e n z e n e Selected compounds Effective solubility, in percent T P 7 2 5 -1 B -0 8 2 5 2 0 1 6 T P 7 2 5 -1 B -0 9 0 6 2 0 1 6 T P 7 4 0 -2 B R -1 1 1 2 2 0 1 5 T P 7 4 0 -2 B R -0 5 0 3 2 0 1 6 T P 7 4 0 -2 B R D -0 5 0 3 2 0 1 6 T P 7 4 0 -2 B R -0 8 2 6 2 0 1 6 T P 7 4 0 -2 B R -0 9 0 6 2 0 1 6 T P 7 4 0 -2 B R D -0 9 0 6 2 0 1 6 T P 9 4 0 -1 B -1 2 0 9 2 0 1 4 T P 9 4 0 -1 B -0 9 0 1 2 0 1 6 T P 9 4 0 -1 B -0 9 0 8 2 0 1 6 T P 9 4 0 -2 B -A Q -9 0 T P 9 4 0 -2 B -A Q -1 0 0 T P 9 4 0 -2 B -A Q -1 2 0 T P 9 4 0 -2 B -A Q -1 3 0 T P 9 4 0 -3 B -0 1 2 2 2 0 1 5 T P 9 4 0 -3 B -0 8 3 1 2 0 1 6 T P 9 4 0 -4 B -1 2 1 0 2 0 1 4 T P 9 4 0 -4 B -0 9 0 1 2 0 1 6 T P 9 4 0 -4 B -0 9 0 7 2 0 1 6 T P 9 4 0 -5 B -0 8 2 9 2 0 1 6 T P 9 4 0 -5 B -0 9 0 7 2 0 1 6 T P 9 4 0 -6 B -0 3 1 0 2 0 1 6 T P 9 4 0 -6 B -0 6 1 5 2 0 1 6 T P 9 4 0 -6 B -0 8 2 9 2 0 1 6 T P 9 4 0 -6 B -0 9 0 6 2 0 1 6 T P 9 4 0 - Effective solubility, in percent T P 7 2 5 -1 A -1 2 0 9 1 5 T P 7 2 5 -1 A -0 5 0 3 2 0 1 6 T P 7 4 0 -1 A -0 8 1 0 2 0 1 6 T P 7 4 0 -1 A -0 8 2 5 2 0 1 6 T P 7 4 0 -2 A -1 1 1 2 2 0 1 5 T P 7 4 0 -2 A -0 8 2 6 2 0 1 6 T P 7 4 0 -2 A D -0 8 2 6 2 0 1 6 T P 7 4 0 -2 A -0 9 0 7 2 0 1 6 T P 8 5 0 -1 A -0 8 3 0 2 0 1 6 T P 9 4 0 -1 A -0 1 2 3 2 0 1 5 T P 9 4 0 -1 A -0 9 0 1 2 0 1 6 T P 9 4 0 -3 A -0 1 2 1 2 0 1 5 T P 9 4 0 -3 A -0 1 2 2 2 0 1 5 D U P -0 1 2 1 2 0 1 5 ( T P 9 4 0 -3 A ) D U P -0 1 2 2 2 0 1 5 ( T P 9 4 0 -3 A ) T P 9 4 0 -4 A -1 2 1 0 2 0 1 4 T P 9 4 0 -4 A -0 9 0 1 2 0 1 6 T P 9 4 0 -5 A -1 2 0 9 1 5 T P 9 4 0 -5 A -0 8 2 9 2 0 1 6 T P 9 4 0 -6 A -0 3 1 0 2 0 1 6 T P 9 4 0 -6 A D -0 3 1 0 2 0 1 6 T P 9 4 0 -6 A -0 6 1 5 2 0 1 6 T P 9 4 0 - T P 7 2 5 -1 B -0 8 2 5 2 0 1 6 T P 7 2 5 -1 B -0 9 0 6 2 0 1 6 T P 7 4 0 -2 B R -1 1 1 2 2 0 1 5 T P 7 4 0 -2 B R -0 5 0 3 2 0 1 6 T P 7 4 0 -2 B R D -0 5 0 3 2 0 1 6 T P 7 4 0 -2 B R -0 8 2 6 2 0 1 6 T P 7 4 0 -2 B R -0 9 0 6 2 0 1 6 T P 7 4 0 -2 B R D -0 9 0 6 2 0 1 6 T P 9 4 0 -1 B -1 2 0 9 2 0 1 4 T P 9 4 0 -1 B -0 9 0 1 2 0 1 6 T P 9 4 0 -1 B -0 9 0 8 2 0 1 6 T P 9 4 0 -2 B -A Q -9 0 T P 9 4 0 -2 B -A Q -1 0 0 T P 9 4 0 -2 B -A Q -1 2 0 T P 9 4 0 -2 B -A Q -1 3 0 T P 9 4 0 -3 B -0 1 2 2 2 0 1 5 T P 9 4 0 -3 B -0 8 3 1 2 0 1 6 T P 9 4 0 -4 B -1 2 1 0 2 0 1 4 T P 9 4 0 -4 B -0 9 0 1 2 0 1 6 T P 9 4 0 -4 B -0 9 0 7 2 0 1 6 T P 9 4 0 -5 B -0 8 2 9 2 0 1 6 T P 9 4 0 -5 B -0 9 0 7 2 0 1 6 T P 9 4 0 -6 B -0 3 1 0 2 0 1 6 T P 9 4 0 -6 B -0 6 1 5 2 0 1 6 T P 9 4 0 -6 B -0 8 2 9 2 0 1 6 T P 9 4 0 -6 B -0 9 0 6 2 0 1 6 T P 9 4 0 - Effective solubility, in percent T P 7 2 5 -1 A -1 2 0 9 1 5 T P 7 2 5 -1 A -0 5 0 3 2 0 1 6 T P 7 4 0 -1 A -0 8 1 0 2 0 1 6 T P 7 4 0 -1 A -0 8 2 5 2 0 1 6 T P 7 4 0 -2 A -1 1 1 2 2 0 1 5 T P 7 4 0 -2 A -0 8 2 6 2 0 1 6 T P 7 4 0 -2 A D -0 8 2 6 2 0 1 6 T P 7 4 0 -2 A -0 9 0 7 2 0 1 6 T P 8 5 0 -1 A -0 8 3 0 2 0 1 6 T P 9 4 0 -1 A -0 1 2 3 2 0 1 5 T P 9 4 0 -1 A -0 9 0 1 2 0 1 6 T P 9 4 0 -3 A -0 1 2 1 2 0 1 5 T P 9 4 0 -3 A -0 1 2 2 2 0 1 5 D U P -0 1 2 1 2 0 1 5 ( T P 9 4 0 -3 A ) D U P -0 1 2 2 2 0 1 5 ( T P 9 4 0 -3 A ) T P 9 4 0 -4 A -1 2 1 0 2 0 1 4 T P 9 4 0 -4 A -0 9 0 1 2 0 1 6 T P 9 4 0 -5 A -1 2 0 9 1 5 T P 9 4 0 -5 A -0 8 2 9 2 0 1 6 T P 9 4 0 -6 A -0 3 1 0 2 0 1 6 T P 9 4 0 -6 A D -0 3 1 0 2 0 1 6 T P 9 4 0 -6 A -0 6 1 5 2 0 1 6 T P 9 4 0 -7 A -0 8 T P 7 2 5 -1 B -0 8 2 5 2 0 1 6 T P 7 2 5 -1 B -0 9 0 6 2 0 1 6 T P 7 4 0 -2 B R -1 1 1 2 2 0 1 5 T P 7 4 0 -2 B R -0 5 0 3 2 0 1 6 T P 7 4 0 -2 B R D -0 5 0 3 2 0 1 6 T P 7 4 0 -2 B R -0 8 2 6 2 0 1 6 T P 7 4 0 -2 B R -0 9 0 6 2 0 1 6 T P 7 4 0 -2 B R D -0 9 0 6 2 0 1 6 T P 9 4 0 -1 B -1 2 0 9 2 0 1 4 T P 9 4 0 -1 B -0 9 0 1 2 0 1 6 T P 9 4 0 -1 B -0 9 0 8 2 0 1 6 T P 9 4 0 -2 B -A Q -9 0 T P 9 4 0 -2 B -A Q -1 0 0 T P 9 4 0 -2 B -A Q -1 2 0 T P 9 4 0 -2 B -A Q -1 3 0 T P 9 4 0 -3 B -0 1 2 2 2 0 1 5 T P 9 4 0 -3 B -0 8 3 1 2 0 1 6 T P 9 4 0 -4 B -1 2 1 0 2 0 1 4 T P 9 4 0 -4 B -0 9 0 1 2 0 1 6 T P 9 4 0 -4 B -0 9 0 7 2 0 1 6 T P 9 4 0 -5 B -0 8 2 9 2 0 1 6 T P 9 4 0 -5 B -0 9 0 7 2 0 1 6 T P 9 4 0 -6 B -0 3 1 0 2 0 1 6 T P 9 4 0 -6 B -0 6 1 5 2 0 1 6 T P 9 4 0 -6 B -0 8 2 9 2 0 1 6 T P 9 4 0 -6 B -0 9 0 6 2 0 1 6 T P 9 4 0 -7 B -0 8 3 0 2 0 1 6 Sample number 1,000.00 100.00 10.00
1.00 0.10
Effective solubility, in percent B. Chlorinated benzenes in samples from sub-waste wells T P 7 2 5 -1 A -1 2 0 9 1 5 T P 7 2 5 -1 A -0 5 0 3 2 0 1 6 T P 7 4 0 -1 A -0 8 1 0 2 0 1 6 T P 7 4 0 -1 A -0 8 2 5 2 0 1 6 T P 7 4 0 -2 A -1 1 1 2 2 0 1 5 T P 7 4 0 -2 A -0 8 2 6 2 0 1 6 T P 7 4 0 -2 A D -0 8 2 6 2 0 1 6 T P 7 4 0 -2 A -0 9 0 7 2 0 1 6 T P 8 5 0 -1 A -0 8 3 0 2 0 1 6 T P 9 4 0 -1 A -0 1 2 3 2 0 1 5 T P 9 4 0 -1 A -0 9 0 1 2 0 1 6 T P 9 4 0 -3 A -0 1 2 1 2 0 1 5 T P 9 4 0 -3 A -0 1 2 2 2 0 1 5 D U P -0 1 2 1 2 0 1 5 ( T P 9 4 0 -3 A ) D U P -0 1 2 2 2 0 1 5 ( T P 9 4 0 -3 A ) T P 9 4 0 -4 A -1 2 1 0 2 0 1 4 T P 9 4 0 -4 A -0 9 0 1 2 0 1 6 T P 9 4 0 -5 A -1 2 0 9 1 5 T P 9 4 0 -5 A -0 8 2 9 2 0 1 6 T P 9 4 0 -6 A -0 3 1 0 2 0 1 6 T P 9 4 0 -6 A D -0 3 1 0 2 0 1 6 T P 9 4 0 -6 A -0 6 1 5 2 0 1 6 T P 9 4 0 -7 A -0 8 T P 7 2 5 -1 B -0 8 2 5 2 0 1 6 T P 7 2 5 -1 B -0 9 0 6 2 0 1 6 T P 7 4 0 -2 B R -1 1 1 2 2 0 1 5 T P 7 4 0 -2 B R -0 5 0 3 2 0 1 6 T P 7 4 0 -2 B R D -0 5 0 3 2 0 1 6 T P 7 4 0 -2 B R -0 8 2 6 2 0 1 6 T P 7 4 0 -2 B R -0 9 0 6 2 0 1 6 T P 7 4 0 -2 B R D -0 9 0 6 2 0 1 6 T P 9 4 0 -1 B -1 2 0 9 2 0 1 4 T P 9 4 0 -1 B -0 9 0 1 2 0 1 6 T P 9 4 0 -1 B -0 9 0 8 2 0 1 6 T P 9 4 0 -2 B -A Q -9 0 T P 9 4 0 -2 B -A Q -1 0 0 T P 9 4 0 -2 B -A Q -1 2 0 T P 9 4 0 -2 B -A Q -1 3 0 T P 9 4 0 -3 B -0 1 2 2 2 0 1 5 T P 9 4 0 -3 B -0 8 3 1 2 0 1 6 T P 9 4 0 -4 B -1 2 1 0 2 0 1 4 T P 9 4 0 -4 B -0 9 0 1 2 0 1 6 T P 9 4 0 -4 B -0 9 0 7 2 0 1 6 T P 9 4 0 -5 B -0 8 2 9 2 0 1 6 T P 9 4 0 -5 B -0 9 0 7 2 0 1 6 T P 9 4 0 -6 B -0 3 1 0 2 0 1 6 T P 9 4 0 -6 B -0 6 1 5 2 0 1 6 T P 9 4 0 -6 B -0 8 2 9 2 0 1 6 T P 9 4 0 -6 B -0 9 0 6 2 0 1 6 T P 9 4 0 -7 B -0 8 3 0 2 0 1 6 Sample number 1,000.00 100.00
10.00
1.00 0.10 0.01
Effective solubility, in percent B. BTEX and naphthalene in samples from sub-waste wells T P 7 2 5 -1 A -1 2 0 9 1 5 T P 7 2 5 -1 A -0 5 0 3 2 0 1 6 T P 7 4 0 -1 A -0 8 1 0 2 0 1 6 T P 7 4 0 -1 A -0 8 2 5 2 0 1 6 T P 7 4 0 -2 A -1 1 1 2 2 0 1 5 T P 7 4 0 -2 A -0 8 2 6 2 0 1 6 T P 7 4 0 -2 A D -0 8 2 6 2 0 1 6 T P 7 4 0 -2 A -0 9 0 7 2 0 1 6 T P 8 5 0 -1 A -0 8 3 0 2 0 1 6 T P 9 4 0 -1 A -0 1 2 3 2 0 1 5 T P 9 4 0 -1 A -0 9 0 1 2 0 1 6 T P 9 4 0 -3 A -0 1 2 1 2 0 1 5 T P 9 4 0 -3 A -0 1 2 2 2 0 1 5 D U P -0 1 2 1 2 0 1 5 ( T P 9 4 0 -3 A ) D U P -0 1 2 2 2 0 1 5 ( T P 9 4 0 -3 A ) T P 9 4 0 -4 A -1 2 1 0 2 0 1 4 T P 9 4 0 -4 A -0 9 0 1 2 0 1 6 T P 9 4 0 -5 A -1 2 0 9 1 5 T P 9 4 0 -5 A -0 8 2 9 2 0 1 6 T P 9 4 0 -6 A -0 3 1 0 2 0 1 6 T P 9 4 0 -6 A D -0 3 1 0 2 0 1 6 T P 9 4 0 -6 A -0 6 1 5 2 0 1 6 T P 9 4 0 -7 A -0 8 For the chlorinated ethenes in the in-waste samples, percent effective solubilities were greater than 10 percent for tetrachloroethene in TP940-4A and TP940-6A, and for tetrachloroethene and 1,1-dichloroethene in TP940-6AD, indicating possible DNAPL or mixed DNAPL presence with these compounds (fig. 9) . The sub-waste piezometer pairs of TP940-4B and TP940-6B also showed greater than 10 percent effective solubilities of tetrachloroethene, indicating the likely presence of DNAPL or mixed DNAPL near these locations ( fig. 9 ). Piezometer TP940-6B also had greater than 10 percent effective solubilities of 1,1-dichloroethene, trichloroethene, and vinyl chloride. In addition, effective solubilities were greater than 10 percent for tetrachloroethene in two samples from TP740-5B.
In general, the effective solubilities in the in-waste and sub-waste samples showed similar patterns for the chlorinated ethenes and ethanes, with low percent effective solubilities occurring in the paired piezometers TP725-1A/1B and TP740-2A/2BR and high percent effective solubilities occurring in the paired piezometers TP940-4A/4B and TP940-6A/6B (figs. 8 and 9). The similar patterns in effective solubilities of the chlorinated ethane and ethene compounds in the in-waste and sub-waste piezometers may be partly due to a similar pattern of influence of volatilization on the liquid samples and indicate that biodegradation likely has not had any greater effect on the chlorinated solvents in the in-waste liquid than the sub-waste liquid.
For the chlorinated benzenes in the in-waste samples, percent effective solubilities were greater than 10 percent for 1,2,4-trichlorobenzene in samples from TP725-1A, TP940-5A, and TP940-6A, whereas 1,4-dichlorobenzene exceeded the 10-percent threshold in samples from TP940-1A, TP940-4A, TP940-6A, and TP940-7A ( fig. 10) . The percent effective solubilities of 1,2-dichlorobenzene were greater than 10 percent in the same in-waste samples as observed for 1,4-dichlorobenzene, except for TP940-1A. In contrast to the chlorinated ethenes and ethanes, the pattern of percent effective solubilities for the chlorinated benzenes was somewhat different in the sub-waste samples than the in-waste samples. The 10-percent threshold was exceeded for 1,2,4-trichlorobenzene in samples from only one of the paired piezometers that exceeded the threshold in the in-waste samples (TP940-5B) and was also exceeded in TP940-3B and TP940-7B. Elevated percent effective solubilities for 1,4-dichlorobenzene and 1,2-dichlorobenzene were more widespread in the sub-waste samples than the in-waste samples, with the 10-percent threshold equaled or exceeded for both compounds in sub-waste samples from wells TP940-1B, TP940-2B-AQ-90, TP940-2B-AQ-100, TP940-2B-AQ-120, TP940-4B, TP940-5B, and TP940-6B and in in-waste samples from wells TP940-4A, TP940-6A, and TP940-7A ( fig. 10) . The 10-percent threshold also was exceeded for 1,4-dichlorobenzene in the sub-waste sample from well TP725-1B and in-waste samples from TP940-1A ( fig. 10) .
If the more conservative threshold of 100 percent effective solubility is considered for naphthalene, DNAPL or mixed DNAPL presence is indicated by samples from inwaste piezometers TP940-4A and TP940-6A and sub-waste piezometers TP940-2B-AQ-100, TP940-4B, and TP940-5B ( fig. 11 ). The pattern of percent effective solubilities for BTEX in the in-waste and sub-waste piezometer samples is similar to the pattern for the chlorinated benzenes, with more detections and more samples above the 10-percent threshold in the sub-waste samples than the in-waste samples (figs. 10 and 11). Of the BTEX compounds, percent effective solubilities greater than the 10-percent threshold were most widespread for ethylbenzene and total xylenes ( fig. 11) . Percent effective solubilities for benzene were less than 10 percent (and often less than 1 percent) for all in-waste and sub-waste samples, whereas the percent effective solubilities for toluene were greater than 10 percent only in samples from TP940-4A and TP940-6B ( fig. 11 ). Considering the known presence of LNAPL at the site, the low BTEX percent effective solubilities may indicate that volatilization, and perhaps biodegradation, is decreasing these concentrations in the liquid samples. Again, it should be noted that accounting for measured gas concentrations of the compounds of interest would likely increase the percent effective solubilities, especially for the more volatile constituents.
Overall, these effective solubility calculations indicate the likely presence of DNAPLs or mixed DNAPLs at the site for some compounds. Percent effective solubilities were highest for many chlorinated ethenes, ethanes, and benzenes in the samples from paired in-waste/sub-waste piezometers TP940-6A and TP940-6B, which is in a location where the groundwater is known to be in contact with the waste prism. The agreement in trends in the effective solubilities for the chlorinated ethenes and ethanes between the in-waste and sub-waste samples supports a similar source composition and does not appear to support substantial differences in anaerobic degradation affecting these liquids. The more widespread detections and exceedance of the 10-percent effective solubility threshold of the chlorinated benzenes and BTEX in the sub-waste samples than the in-waste samples may indicate some variability in sources for these two liquids, although volatilization effects also may influence the patterns in the calculated effective solubilities.
